Boulangé, A., Katende, J., and Authié, E. 2001 . Trypanosoma con-(Eisler et al. 1998 . The existing antibody detection tests are based on golense: Expression of a Heat Shock Protein 70 and Initial Evaluation the use of trypanosome extracts as the antigen (Greiner et al. 1997) , as a diagnostic Antigen for Bovine Trypanosomosis. Experimental which precludes standardization and species-specific diagnosis. Tests Parasitology 100, 6-11. A 69-kDa immunodominant protein of Trypabased on detection of parasite DNA, such as PCR-ELISA (Landgraf nosoma congolense was identified as a member of the hsp70 family et al. 1991), are promising but require further standardization and that is homologous to mammalian BiP. We report here the expression field evaluation (reviewed in Duvallet et al. 1999) . Their cost and the of the gene encoding the T. congolense BiP in a bacterial system. Dot relatively high technology that they require essentially qualify them blotting of the truncated recombinant proteins confirmed that BiP as research tools. At least two requests justify further development of antigenicity is mainly located in the C-terminal third of the molecule.
serological methods for the diagnostics of trypanosomosis. Large-scale A recombinant fragment corresponding to this region was used as an epidemiological studies and the follow-up of control programs require antigen in an indirect ELISA and an initial evaluation of its diagnostic assays that combine low cost and high specificity. At the herd or the potential for bovine trypanosomosis was performed. The test showed individual level, highly sensitive and specific tests are necessary to limited sensitivity for detection of primary-infected cattle but was assist therapeutic decisions. Current research toward meeting these capable of accurately detecting secondary infections. As BiP and its requirements focuses on the identification of suitable trypanosome derivatives may be produced at low cost under stable forms allowing antigens and the use of recombinant DNA technology. Among the very standardization of the tests, they warrant further evaluation as antigens few candidate antigens available is a 69-kDa invariant protein, which fro serodiagnosis of bovine trypanosomosis. ᭧ 2001 Elsevier Science (USA) was identified through analysis of antibody responses in Tryponosome Index Descriptors and Abbreviations: Trypanosoma congolense; African trypanosomes; bovine trypanosomosis; diagnostics; bacterial recongolense-infected cattle (Authié et al. 1993 domain and a parasite-specific C-terminal region that is highly antigenic. Thus, the T. congolense BiP is highly homologous to other members of the family, except for a C-terminal region of 40 amino acids which appears to be trypanosome specific (Boulangé and Authié 1994) . Furthermore, this region contains potential epitopes that are not found in the corresponding region of the T. brucei BiP (Bangs et al., 1993) and might therefore be species specific.
To produce sufficient amounts of BiP for evaluation of its diagnostic potential and possibly develop a cost-effective test that can be standardized, we sought to produce BiP as a recombinant protein. The absence of disulfide bridges and glycosylation sites supported adoption of pMAL, a bacterial expression system reported to result in high expression levels (Maina et al. 1988) . Seven recombinant proteins were expressed, corresponding to the full-length protein and to truncated polypeptides of various sizes in the N-or C-terminal region (Fig. 1) . C-63, C-45, and C-25 (fragments of respectively 63, 45, and 25 kDa including the C FIG. 1. Recombinant protein fragments (white arrows) derived terminus) were produced by direct cloning of three partial cDNAs from the full-length cDNA encoding Trypanosoma congolense BiP/ identified by immunoscreening (Boulangé and Authié 1994). R-69, the hsp70 (from Boulangé and Authié 1994). Black arrows indicate the full-length recombinant BiP, was generated by PCR after introducing position of the two restriction sites introduced by PCR (primers 5Ј ACC GAA TCC CCC GAG AGC GGC GGG 3Ј and 5Ј AAC GGA suitable restriction sites in the 5Ј and 3Ј ends of the ORF to clone the TCC TTA AAG GTC ATC CAAT GGG 3Ј; EcoRI and BamHI sites are product in frame with the MBP gene. N-61 and N-14 (N-terminal underlined) at the extremities of the ORF corresponding to mature BiP.
proteins of 61 and 14 kDa, respectively) and C-9 (9-kDa polypeptide at the C terminus) originated from convenient restriction fragments of the R-69 ORF, cloned in frame with the MBP gene. In the pMAL
FIG. 2.
Preparation of recombinant C-63 produced using pMAL expression system in Escherichia coli. Proteins were analyzed by SDS-PAGE on a 10-15% gradient gel and Coomassie stained. Lane 1, soluble fraction of a bacterial lysate (50 g total protein); lane 2, fusion protein (5 g) purified by affinity chromatography on amylose resin; lane 3, purified fusion protein (5 g total protein) following cleavage with factor Xa; lane 4, recombinant C-63 (5 g) purified by affinity chromatography using the mAb 1F3.
FIG. 3.
Recognition of BiP fusion proteins by various antibodies in a dot blot assay. Each dot contains 5 g of fusion protein or MBP. For each fusion protein, the seven replicas were probed with either of the following antibodies: mAbs against native BiP (1F3, M1B2, and M1D4, culture supernatants), rabbit polyclonal antibody raised against native BiP (1:200 dilution), rabbit polyclonal antibody raised against recombinant C-63 (1:500 dilution), serum from an infected N'Dama steer (1:100), or serum from a naïve N'Dama steer (1:50). Prior to reaction with the fusion proteins, the antibodies were absorbed with a bacterial lysate from E. coli transformed with nonrecombinant pMAL-cRI plasmid. system, the expressed protein is fused to the MBP, which allows purification by affinity chromatography on amylose resin. The recombinant protein may be cleaved from the carrier by the blood coagulation factor Xa. The preparation of C-63 is presented in Fig. 2 , as an example of production and purification of BiP recombinant fragments.
To identify the major antigenic regions of BiP, dot-blotting of the recombinant proteins was performed using antibodies against native BiP (Fig. 3) . Two of three mAbs (1F3, MIB2) recognized an epitope located in the C-9 fragment, while the third mAb (M1D4) reacted with an epitope of the central domain of the molecule. Polyclonal antibodies raised against native BiP or recombinant C-63 and serum from trypanosome-infected cattle predominantly recognized epitopes located in the C-terminal region. This is in agreement with sequence data showing a region of lesser homology at the C terminus. The more conserved N-terminal region is less antigenic and is likely to include epitopes . After five washes, 0.01% H 2 O 2 in 50 mM sodium citrate, pH 4, containing 2,2Ј-azinobis(3-challenge but fluctuated thereafter. The ELISA using C-25 was therefore less sensitive than that using crude antigen and failed to detect ethyl)benzithiazoline-sulfonic acid (ABTS, 600 g/ml) was added to the plates. The O.D. of the colored reaction was read after 40 min at specific antibodies in primary infection; however, levels of specific antibody increased after reinfection and most samples from secondary 37ЊC, at a wavelength of 414 nm.
Sera from cattle infected with Theileria parva, Babesia bigemina, infection were detected as positive. A third study (Fig. 6 ) compared antibodies to C-25 and to crude Theileria mutans, or Anaplasma marginale did not react with C-25 (not shown).
antigen in one Boran (Bos indicus, trypanosusceptible) and one N'Dama (Bos taurus, trypanotolerant) during a rechallenge infection with IL-A preliminary sensitivity study was carried out with 47 bovine sera from various origins, either noninfected (n ϭ 23) or experimentally 13E3 (Emery and Moloo 1981) . This was the sixth of a series of T. congolense infections and was given 10 months after the fifth challenge infected with T. congolense (n ϭ 24). There was a highly significant difference between mean O.D. values given by sera from infected cattle had been terminated by trypanocidal treatment (Authié et al. 1993) . Prior to the rechallenge, both cattle had high levels of residual antibody and those given by sera from noninfected cattle (P ϭ 1.1 ϫ 10 Ϫ7 , t test) (Fig. 4) .
to crude antigen (Fig. 6A) , whereas anti-C-25 antibody was undetectable ( Fig. 6B) . Following reinfection, seroconversion occurred with This was followed by a comparison of C-25 and crude trypanosome antigen (lysate of T. congolense bloodstream forms from the stock IL-C-25 (Fig. 6B) , while there was a marginal increase of antibody to crude antigen (Fig. 6A) . Thus, in cattle exposed to repeated infections, C49; Wellde et al., 1974) , using sequential sera collected from three Boran cattle (Bos indicus) experimentally infected with T. congolense C-25 may be more useful than the crude antigen for detection of active infections. In agreement with earlier reports (Authié et al. 1993) , the IL-1180 (Nantulya et al. 1984) (Fig. 5 ). Cattle were treated with a trypanocidal drug (diminazene aceturate; 7 mg/kg) on day 70 after trypanotolerant N'Dama cow developed higher levels of anti-C-25 IgG antibody than the susceptible Boran cow, indicating that the sensiinfection and rechallenged on day 311 with a heterologous T. congolense clone (IL-13E3; Emery and Moloo 1981) . In the ELISA using tivity of the C-25-based assay might be optimal in trypanotolerant populations. crude antigen, O.D. values given by sera from all three individuals rose above 0.2 from day 14 after infection and persisted in two of the Preliminary evaluation of a C-25-based ELISA points out the need to improve the sensitivity of the test, which is currently low in cattle three animals above this level for 456 days, when the experiment was terminated. In the third animal, O.D. values fell below 0.2 between undergoing primary infections. However, as cattle exposed to tsetse challenge undergo repeated infections, the failure to detect primary of the epidemiology of animal trypanosomosis in West Africa. Memorias do Instituto Oswaldo Cruz 94, 245-248. infections may be less important than the accurate detection of reinfections. One major drawback of the serological methods being the long Eisler, M. C., Lessard, P., Masake, R. A., Moloo, S. K., and Peregrine, persistence of antibody after parasite clearance, it is also of interest to A. S. 1998. Sensitivity and specificity of antigen-capture ELISAs investigate the disappearance of anti-C-25 antibody after treatment, for diagnosis of Trypanosoma congolense and Trypanosoma vivax which appears to be faster than antibody to total trypanosome lysate.
infections in cattle. Veterinary Parasitology 79, 187-201. Moreover, the IgM response to C-25 should be examined, as BiP is a Emery, K. L., and Moloo, S. K. 1981. The dynamics of the cellular major IgM-inducing invariant antigen (Authié et al. 1993) 
